Introduction
Evaluation for epilepsy surgery should be done without unnecessary delay in a child with drug-resistant epilepsy [1] . Hemispherotomy may be indicated if the epileptic lesion is widespread but restricted to one hemisphere with contralateral neurological impairments, and if the preoperative evaluation confirms seizure onset in the lesioned hemisphere [2] . A large proportion of the candidates for hemispherotomy have multiple developmental and cognitive impairments that at least partly stem from a common pathophysiology with the epilepsy.
Until recently most outcome studies have been single centre studies, most of them retrospective and cross-sectional with a mean follow-up time ranging between 1 year and 9.5 years, reporting seizure-free outcomes between 44% and 92% [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Seizure outcome has been assumed to be stable after hemispherotomy but in a recent large longitudinal follow-up 34% of patients had recurrences, most before five years postoperatively [3] . Common aetiologies are cerebrovascular insult, hemimegalencephaly, other malformations of cortical development (MCDs), and Rasmussen's encephalitis [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . A recent review of 29 studies report distribution of aetiology to be 30% acquired, 41% developmental and 29% progressive [16] . Many studies report aetiology to have a significant impact on seizure outcome. MCDs, and especially hemimegalencephaly, are associated with a poorer seizure outcome [5] [6] [7] 11, 16] . Complications are reported in around 20% of cases. Ten per cent require shunt placement due to de novo hydrocephalus [6, 8] .
Several studies have demonstrated that shorter duration of epilepsy prior to surgery is related to a better functional outcome [6, 8, 9, 14, 17] . Hemispherotomy does not seem to worsen the gross motor impairments present before surgery [4, 18, 19] . Whether cessation of seizures leads to an improvement in cognition and development is unclear. Only a minority of those who have undergone hemispherotomy, in most reports less than 20%, attend mainstream school [9, 20] . Especially for children with progressive aetiology, development would have been even more impaired without surgery-mental development had arrested or deteriorated prior to hemispherotomy in 82%, according to one study [21] . More importantly, hemispherotomy does not seem to induce any obvious cognitive or neurodevelopmental damage [20] [21] [22] . There may even be gains in social functioning after hemispherotomy [4, 23] . Thus, there is a discrepancy between cognition, which does not seem to improve significantly, and social functioning, which seems to improve. In one retrospective study, based on questionnaires to parents, parents reported intellectual and behavioural improvements [12] .
Studies on satisfaction with surgery and quality of life (QoL) are mostly based on proxy reports. Parental satisfaction with hemispherotomy has been reported to be high [24, 25] . One of the few studies including both parental report and self report of satisfaction with several types of epilepsy surgery found that although seizure outcome affects satisfaction, seizure freedom is in no way a prerequisite for satisfaction [26] .
The dramatically negative effects of intractable epilepsy on the QoL of children and adolescents have been established in a number of studies. Youths perceive seizures as the major barrier to their sense of normalcy [27] . Health related QoL (HRQoL) following hemispherotomy has been reported to be similar to that after resections, in spite of the fact that hemispherotomy patients often have lower functional abilities, usually considered a negative predictor of psychosocial outcome [28] .
The objective of this study is to explore the long-term life situation after hemispherotomy in the national population based Swedish series. By combining objective outcome data with patient centred follow-up it attempts to offer a description of the global effects of hemispherotomy on the life of the adolescents and young adults.
Patients and methods
This study includes consecutive patients from all centres in Sweden where hemispherotomies are performed. Data on aetiology and on seizure outcome two years after surgery and at the long term follow-up were taken from the Swedish National Epilepsy Surgery Register, which prospectively collects data on all epilepsy surgery procedures in Sweden [29] . At the 2-year followup the seizure outcome was graded as follows: seizure-free (without or with aura), 75% reduction, 50-74% reduction, 0-49% reduction in seizure frequency and increased seizure frequency after surgery. In case of persisting seizures, the mean monthly change in frequency was calculated from the year before the follow-up. For this study, aetiologies were categorised in three classes: (1) developmental (MCD including hemimegalencephaly), (2) acquired (cerebrovascular, infectious or traumatic injury) and (3) progressive (Rasmussen's encephalitis).
In total, 29 children and adolescents underwent hemispherotomy in Sweden 1995-2007, with at least a 5-year follow-up. Ten of them have had a 5-year follow-up and 19 have had a 10-year follow-up. Due to small numbers they are hereafter merged and referred to as long term follow-up. Few patients have a cognitive level allowing them to take active part as responders. All families accepted to be contacted by the first author (CV) as an independent interviewer in this cross sectional long-term study. The interviewer was at the time a master student who was not part of any epilepsy surgery team. Two parents declined to participate. One person could not be contacted. The remaining 26 (90%) accepted participation and were included in the study. Three young adults responded themselves, all in personal meetings; in the remaining 23 cases parents were interviewed in a personal meeting (n = 6) or over the telephone (n = 17) during the period July 2012 to March 2014.
Epilepsy and Learning Disabilities Quality of Life (ELDQOL) is a 70-item questionnaire that covers seizure situation, side effects of antiepileptic drugs (AEDs), physical, cognitive, and social functioning, parental concern, QoL, and overall health. It has been validated in a qualitative process involving interviews with and feed-back from parents, carers and clinicians and in a qualitative process testing internal consistency and reliability [30] . With permission, the document was translated through a process that included two separate forward translations into Swedish, a comparison and adjudication into one version, followed by a back translation into English by a native speaker, and a final revision of the Swedish document. ELDQOL was used in 23 of 26 cases as it was not distributed to the three young adults who participated themselves. Only the items most closely related to the aims of this study will be reported.
For this study a 17-item questionnaire was also constructed, covering questions on general satisfaction, expectations, satisfaction with preoperative information and with postoperative support, QoL and function/adaptation-Hemispherotomy Experience Questionnaire (HEQ). The HEQ is explorative and has not yet been validated. All 26 participants answered the questionnaire, 23 parents and three young adult patients. One parent chose not to answer the questions on function.
The study was approved by the Regional Board of Medical Ethics at the University of Gothenburg, and all participants gave informed consent to participate.
Statistics
Results will be reported in absolute numbers, frequencies and percentages, as the number is too small for comparisons. Many results will be reported separately for the seizure free patients and for the patients with persisting seizures.
Results

Aetiology, operations and seizure outcome in the whole group (n = 29)
Aetiology is presented in Fig. 1 . The surgical technique was that of Rasmussen [31] in 19/29, 10 were peri-insular resections [32] . At the 2-year follow-up 55% (16/29) were seizure-free and had been so since surgery with no difference between developmental aetiology or other causes. Further, five had 75%, seven 50-74%, and one less than 50% reduction in seizure frequency. At the time postoperative MRI was not routine and it is therefore not possible to analyse the completeness of the disconnections. However, going through the surgical notes it is clear that in two cases the hemispherotomy was not complete due to documented difficulties in performing a complete callosotomy. (Were we to exclude these two patients, 16/27 (59%) were seizure-free since surgery at the 2-year follow-up.)
At the long-term follow-up, 10/29 had sustained seizure freedom, and one more had become seizure free after an extended callosotomy. Thus 11/29 (38%) were seizure-free. In those with developmental aetiology 37% (7/19) were seizure-free at longterm compared with 40% (4/10) of those with other aetiologies. Out of 18 with seizures at the long-term follow-up, 12 (41%) had 75% reduction in seizure frequency compared to preoperatively.
Preoperative characteristics (n = 26)
Fifteen were males and 11 females. Patient data are shown in Table 1 . Two out of 22 who had a preoperative cognitive assessment were within the normal range, the rest had intellectual disabilities (severe in four, mild in 11 and described as developmental delay in five). Three out of the four not assessed were seven months or younger at operation and they all had MCD as aetiology. One not assessed was normal up to the age of 3.5 years and had Rasmussen's encephalitis. Motor function was assessed in all except two before surgery (both operated before the age of eight months); all had some degree of motor impairment, including the two without intellectual disability preoperatively.
Situation at the time of the interview: seizures and medication
The median time from operation to interview was 13.5 years (range 6-19 years) and the median age at the interview was 16.5 years (range 7-37 years). At the time of the interview 9/26 (35%) were seizure free: seven had sustained seizure freedom since surgery; the patient who had an extended callosotomy had been seizure free for nine years, and one more patient with recurring seizures had an extended callosotomy after the 5-year follow-up and had been seizure free for five years after that. One young adult was seizure-free for five years, but had relapsed the year before the interview. Eleven out of 17 with seizures at the interview (42%), had 75% reduction in seizure frequency compared to preoperatively. In the remaining six we could see no improvement of the seizure situation.
Six seizure-free patients were off anti-epileptic drugs (AEDs) (6/26; 23%). Five out of the seven patients with sustained seizure freedom after the two-year follow-up were off medication. The remaining two had one AED each. Out of those with recurring seizures between the two follow-ups (n = 7), two were off medication, three had one AED, and two had two AEDs at the 2-year follow-up.
Seventeen parents of patients with seizures answered questions on AEDs: 9/17 considered that the seizures were either ''very well controlled'' or ''fairly well controlled'' by AEDs. All except five reported side effects. The median number of reported side effects was 3 (range: 0-8), the most common being tiredness. In one case severe side effects were reported (renal failure and osteoporosis).
Perceived burden of epilepsy
For the assessment of perceived burden of epilepsy in the 17 persons with seizures, the ELDQOL was answered by 15 parents. Of these, 6/15 considered seizures to be ''mild'', 3/15 ''moderate'', 2/ 15 ''somewhat severe'', 1/15 ''very severe'', while 3/15 answered ''don't know''. When asked about their concerns due to the epilepsy, 12/15 answered either ''not concerned'' or ''not very concerned'' while 3/15 said they were ''fairly concerned'' or ''very concerned''.
Function, adaptation and behaviour
Outcomes related to function, adaptation and behaviour are shown in Table 2 . Only a minority was able to attend mainstream school. Of the adults, the majority (9/12) either lived with their original family or under adapted living circumstances, such as group dwellings or with full-time personal care assistance. A majority could walk independently at least a hundred metres and a majority had either understandable or normal speech according to parents, but less than half of them could be left alone at home for more than 30 min. Parents of patients with seizures were more likely to consider behavioural issues to be a problem affecting daily life than parents of seizure free patients. The most common problems were temper tantrums, quick mood changes, impulsiveness and irritability. The emotional well-being and behaviour of the children caused more parental concern than their physical health or their attention and learning difficulties; 11/23 stated that they had been ''quite a bit'' or ''a lot'' worried about the emotional well-being, 8/23 about the physical health and 6/23 about learning and attention.
QoL and overall health
Responder's views on QoL and overall health at the time of the interview are shown in Fig. 2 . Seventy-four percent (17/23) considered QoL to be either ''very good'' or ''good'' and 83% (19/23) considered overall health to be either ''very good'' or ''good''. Of the six participants who considered QoL to be ''fair'' or worse, only one was seizure free. None of the four who considered overall health to be ''fair'' or worse was seizure free. In an additional question in the HEQ we asked which problems or clusters of problems responders considered to affect QoL negatively at the time of the interview. The results are shown in Fig. 3 .
Expectations and satisfaction with surgery
Twenty-one of the 26 participants (81%) answered that their expectations with surgery had been fulfilled completely (5/26, all of them seizure free at the time of interview) or to a high degree (16/26) . Satisfaction with hemispherotomy was high both among seizure free participants and among those with persisting or recurring seizures, as shown in Fig. 4 . Three patients had a cognitive level high enough to be able to complete the interview by themselves. All were highly satisfied with the operation and thought that their expectations had been fulfilled completely or to a high degree. All participants were asked whether they felt that the preoperative information had been sufficient. Twenty-one (81%) answered ''completely'' or ''to a high degree'', five ''to some degree'' and none answered ''not at all''. The majority (77%) were satisfied with the postoperative support: 20/26 said their needs were fulfilled ''completely'' or ''to a high degree'', four ''to some degree'', and one ''not at all''.
Discussion
In this population based study, we describe patient perspective on long-term outcome after hemispherotomy. This cohort is a severely disabled group of patients, in which all but two had intellectual disabilities or developmental delay preoperatively. At follow-up only three patients had an intellectual level to allow for personal interviews, whereas in 23/26 cases parents were interviewed. Nine out of 26 (35%) were completely seizure free at the time of the interview. This is fewer than at the 2-year followup, which indicates that recurrences are a problem, and does not seem to be ascribed to reduction in AEDs. Most recurrences happened within the first five years after surgery, which has also been described in a larger longitudinal series [3] . Even when seizures recurred after the two-year follow-up, the seizure situation was significantly improved in our study: 20/26 (77%) were seizure free or had 75% reduction in seizure frequency. One reason for our less successful seizure outcomes could be that the children were more severely affected with worse functional outcome [19, 33] , and also the higher proportion of developmental aetiologies in this population based series compared to most other studies (66%, compared to 41% in a recent review [16] ). Due to the lack of postoperative MRI we cannot exclude that more than the two identified cases could have been surgically incomplete. However, that would still not explain the recurrences after two years.
Among those not seizure free, most parents described the seizures as mild or moderate, and parents were not very concerned about them. In several cases, parents did not even consider seizures to have a negative impact on QoL. Most parents considered the child's overall health to be very good or good. Thus, reduction in seizure frequency or severity seemed to be an important gain with hemispherotomy.
Satisfaction with surgery was high both among seizure free patients and among patients with persisting or recurring seizures. Fig. 2 . Quality of life and overall health as perceived by parents in the last four weeks, n = 23. A majority in the seizure free group felt that their expectations with surgery were completely fulfilled, and a majority of the parents of non-seizure free patients that expectations were fulfilled to a high degree, again indicating that even when seizure freedom was never obtained or not sustained most patients perceived a seizure burden relief. Even when reduction of seizure frequency was modest, not achieved or not sustained, in some cases parents spontaneously commented during interviews that they still perceived an important relief because more or all seizures became self-limiting after surgery.
What do limit QoL from the patients' perspective, apart from seizures, are the physical impairments such as visual field defects and motor impairments. Although this may not be more common in the seizure free group, it may be due to a change in perspective, considering these persons have less of other factors affecting QoL negatively. More than half of the seizure free participants in our study or their parents reported that physical disabilities had a negative impact on QoL.
While parents of patients with persisting or recurring seizures reported social and/or psychiatric difficulties severe enough to affect QoL negatively, no parents of seizure free children did. This supports earlier findings, indicating that seizure freedom may be especially important for psychiatric and psychological health, as indicated, for example, in a study of self-reported psychological well-being among young adults after epilepsy surgery [34] .
In spite of the fact that their children had behavioural problems, most parents considered their children's QoL to be good. This may seem contradictory but is interpreted as the parents' capability to differ between their own worries and their children's QoL.
Ethically, this study as well as this research field as a whole, relies heavily upon parental report and is based on the assumption that parents as surrogate decision makers make decisions that benefit the child [35] . This is a necessary assumption, as the alternative in many cases is simply to abstain from this kind of research, something that most certainly is not in the benefit of persons with intellectual disabilities. That said, it is of importance to be aware of this assumption and to review and discuss it. Studies indicate that there is systematic bias in proxy report compared to staff carer's and to clinician's reports. Parents tend to overestimate concerns and negative impacts on QoL, compared to both carers and clinicians [36] . There also seem to be significant discrepancies between parents and patients regarding ratings of QoL in children with serious health problems [37, 38] .
Engelhart et al. also observed high satisfaction in their study and pointed out: ''Epilepsy teams tend to consider surgery a failure when it does not achieve seizure freedom. This study shows, however, that the majority of (former) patients and their proxies, evaluate epilepsy surgery as a disease improving intervention even when seizures have recurred'' [26] . However, there is cause for caution in the interpretation of the high satisfaction. The decision to move forward to a hemispherotomy is dramatic, the family may be in a situation of crisis and the surgery may be, or be perceived as, the only option. Parents may have a psychological and emotional need to confirm that the right choice was made. In some cases, satisfaction could mean simply that the alternative was worse.
Our results show that 74% of parents consider their children's QoL to be good or very good, in spite of the children having several risk factors for low QoL. This is consistent with earlier research [28] .
One strength of this study is that it is population based and includes all Swedish hemispherotomy patients operated 1995-2007. Sweden has a general social insurance health care system; there is no pre-selection to surgery based on socio-economical factors. Another strength is that the baseline data as well as the 2-, 5-and 10-year follow-up data were prospectively reported to a controlled national register. All long-term interviews were done by the same interviewer, a non-biased person independent from the operating centres and unfamiliar with the patient files and medical histories of the participants. The questionnaires used for the study almost exclusively consist of multiple response-options, as recommended by Macrodimitris et al. [39] who could demonstrate in a meta-analysis that both forced-response questions and very broad indirect questions seem to produce higher satisfaction ratings. Finally, two important strengths are the low drop-out rate and the long follow-up time (median 13.5 years at the time of the interview).
One weakness of our study is the small sample size which limits the possibility to make group comparisons. Another weakness is that ELDQOL is previously untested in the Swedish context and that HEQ is new and untested. The instrument we needed for this study had to be specific enough to catch some of the special problems associated with epilepsy, such as injury due to seizures and restrictions of autonomy, and it had to be applicable to the hemispherotomy patients, with their special profile of multiple and often severe impairments. This pointed us towards an instrument originally constructed to be directed to a proxy. However; one limitation of the ELDQOL is that it asks specifically about the situation in the last four weeks. Since half of the participants were not living in their original family (either not at all or only part time), the parent responder in some cases could not give an answer, and in other cases the ELDQOL may underestimate the everyday challenges.
Some of our results are reported separately for the seizure-free participants (n = 9) and for the participants with seizures (n = 17). This may be taken to suggest that differences between the groups were actually caused by seizure freedom, but the numbers in this series were too small for any such conclusions. The objective of this study was rather to describe the group of former hemispherotomy patients as a whole.
The most fundamental limitation to conclusions on the success of hemispherotomy is the lack of control group. This is a general problem with patient groups where abstaining from treatment in order to create a control group would be unethical.
Conclusion
In this long-term follow-up of Swedish hemispherotomy patients there were more long-term recurrences than previously reported, which may be related to the lower level of function of this cohort and higher percentage of developmental aetiologies compared to other series. However, the majority of parents feel that their children have a good QoL, and the patients and their parents feel that the surgery was worthwhile even when it did not completely stop seizures. Hemispherotomy does not create a developmentally normal child-and it is important to be realistic about it-but this study suggests that also reductions in seizure frequency or severity can give important improvements in general health, social functioning and participation and thus make the child less impaired. The study supports the present recommendations to refer children with drug resistant epilepsy for surgical evaluation without unnecessary delay.
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